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^>^1 H 31*1^3 ^ ZL «o V ^°11 ^ It*} 

O.^, ^ ^ g TflolB Sfl^ 1-^1- S^V ^ ^« «M*> 

-2 ¥^ ^>51 ^71^ ^ o. ^A]^ ^ ^ «V£*fl H€*l 

£ Ig 
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«KE.X1 4i^>^ B€*l^ ^ n X|s ^{Transistor in a semiconductor device 
and a method of manufacturing the same} 

£ la vfl*l £ lgfe -g- .^Aj^ofl ia>c^ B31*l^Ei ^ n. XI 

101 : «KEXl 7]^r 102 : 

103 : XI 1 ^SJ- ^Sr^- 104 : XU 

105 : XI 2 106 : 3LBell*l^B X|€ 

107 : XI 2 ^ ^s)-^- 108 : XI 3 

109 : X]3 ^sj- 1 ^ 110 : XI 4 ^sj- ^2r^ 

111 : XI 5 llsj- ^r^r^, X]2 Xl°lB 

112 : ^S.^ XHB 113 : XH XI °1B ^Vsj-^ 
114 : ^^S. o]^^^ 115 : 

116 : *L?1€- ^Sj-^r 117 : &9l^ ^*fl°H 
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118 : -H^-JE oj-g- 119 : ^_2_^/JEiefl<y 

120 : ^51a>o]ca 



^^>: 2003/5/22 



<14> Mj-tg al^^ ^^o| E^*]^ ^ ^ « 0 V 1H1 ^ ?J lj-^1 

^> ^^oj- cg^ofl ^5. 4€- T^l^l 7llolH <lVS)-^ol tiV^^l 

<15> ^aV^ O.3., B^H^l^E^ ^ wVE*ll ^>^- 51^^.2.5. -g-^-S)^ ^^<a- 

S^^l^Ei^- 711 °1H #3*-^ tq-SCf. O] 53 Til ^ ^1^ 711 °1B 

<16> ulx-1, tiV£^l ^^1 ^ofl *fll afll 711 °1H ^S)-^-g- 

^^-8: 711^171^- iSefl^l^B ^ ^^i<y- 4i7> <3 

«H *8^€ TflolB ^Vs)-^-^- ^l^tl:^. °H^, iS^^liB 2^-1: ^1^1^: ^ ^ 

^lll ^ ^12 TllolH ^S^ 0 ! A]o]B _ AV^nj-o] ^^S)J1 ( X^<y- 
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<17> ^ISf ^o-| ; x\#c$ ^} <g<>Hfe gj^ 711 °1H -^S^l ^£^1, °lS ^Sfl 

Tfl °1B ^Mi ^7} ^7}*H ^>S1 #%o) ^7>*>JL ^7>^ 

AlSl^o] ^}^o] M^cf. nJ-BH, Tfl^lB ^^-21 ^11- #ol^ dHl^ 

<18> p *g E^flxl^E^ TjO-ofl^ TllolB e]-^# *^Al7lJ7 

LDDCLightly Dopped Drain) ^4 i^.i/=efl<?l <3^-8r ^*>7l ^ 

-fr ^^1^ TflolB^l Ir^l^l Tllol^ ^<gn|O.S ^^MWM". ^ 

^-f te^l 71^21 ^ <3<*7>7l ^^*H HM^E^ ^ ^o^g. ^A^t}. 
<19> n ^ H^l^E-^ ^-fofl^, SlSfl tiV^^l 71^4 TllolH ^<3^ Tfl^ ofl 

^1±4 ^ °11M^11- «a^r ^7>/^^-(Hot carrier)^ JEiell<y°.S ^l 

efzL ^lsl^oi ^fi^ -g-*H3°l 1H)€4. 

[^tgol ol^ji^V 5}^ 71^^ -CMll 
<20> ^71^1 £-*fl^ Sfl^M ^SH ^7} °§ 3 °H^r ^Sf 
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h 0 v^1*1-ji ¥^ #4*1 ^ i*}^ ^71^ s.^^. ^ava] z] ^ oi^ y>£^l 

^ £ *)-§-] 

^> <3<3 * i^tf ±7} <%<^6\) ^i&SLS. ?)HB TllolH 

7RV*}5^ tili^l 71^] ^£ i^/^-efl^a!]., *\£<$ <%o1°] Tfl °1B 

<22> A o V 7HH, ^5|- #3^^ 1)4: 10 ifl*l 15%<>lJL, ^2 *)sj- ^Vs)-^ 

11 

*ll3 *J5J- ^± 0.1% vfl^l 3%o.s. 2:^1" 

<23> ^ ( ^1 TflolB 12 lfl*| 20A^lJl ) 42 TflolE AV2j.^.o] j=^- 

35 ifl*l 55A^cf. 

<24> a. ^Al^6]l rcj-^. *Y^x\) i^S] B^l^ ^12: <8 ^ 

4 -H^ 47> <^^ol >gcq«a 7l^-o) ^ Aj-«.ofl ^2). 5J ^11 ^S^- 
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aw spfafl xi2 ^*Kr #Xlsh ^^H X|l x] 

1 -ga*. ^ X|2 -i+S^-i- Xl7i*Hr ^Xl^, ^&<& ±x\ <3^X1 X| 2 ^5}- 

£ XI 2 ^ WXI XI 3 -tVSj-^-g- JL^^J- XI 2 

A>^^- ^ ^ #51X1 *)13 ^gj. AV^-nVO. ^ aH1 &7\)<%, ^ 

^3 ^G-S- 5L&<& ±X\ ^<*^ XI 1 *J5H^ Xli.^s*- #5^4 ^1 

°i-¥-<x*} xi 4 ^ ^^-^s. x]3 ^sh^ xi 

^^5>^ ^X)^, XI ^JLS ±x} <3^X|fe XI 5 W 

^Xl^ XI 3 ^3^X7X12 <*VSWX|4 °1^<X*1 ^2 TflolH 

£ XHB# 3# ^*Hr ^Xl^-, XMH^ ^Xl^r Q<&^ ±.s\]o]*\m. tg^ 

XHB ti>5LXl 71^6)1 Mi/£tJI *8^*H=- ^Xl» i^-W. 

<25> #7]XH, XI 1 ^fl^l XI 3 ^SJ- A);gj.nV^ N2 Q 7].^ g:^. NO 7>^# A>-g-*H ^ ^ *± 

°H, NO 7>^i# ol-g-*V 750 tfl^l 950°C^ ^rSLXH 5 vfl*] lOslm^ N 2 

300 vfl^l 900sccm^ NO 7>^i» ^-§-*M*Ui ^l^^- ^ 
<26> X12 *V5^£ 0 2 7>^i 0 2 +H 2 ^ 7>i» A>-g-^^ ^§ ^ 
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<28> Q# ^E] QZ* #Bf^n> *1 Si .^S^H, 100 i~H*l 700W5] 

f^o} 50mTorr ifl*l lOOOmTorr^l <£^2f 180 500 M ^r^H N 2 ^ He 

£3)3. 20 ifl*] 5^ ^-tt ^ ^14. 

<29> ^3 a>2|-^ ^4 ^sl- ^ 0.1% vflxl 3%°)JL, *fl5 ^s} 

AVS|.ni-^ ^ io ufl*] 15%ol^. 

<30> o]^} t ^ Mj-tg^ til-^-Zl*]; ^Alofll- ^*>7lS ^t}. ZL 

SIM", t^-Sr °1*HH 7flAl£|^ ^AHlofl ^ 3}oj 0>vJ|e(- Cfs ^oj:^ 

*H^8r 7>^1 *Hl7fl ^# #^}7fi <£B^7l $]$\ *V^, £ 

^ ^31^ Ail- 
<3i> £ la ifl^l £ lgTr ^HH) >££*ll B^l^ ^ zl 

<32> £ la» ^*>^, y>£^l 7l^-(101)2] i7} £-5} cg*H i^^V ^ 
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^^1^4. #7H*1. 4i^> £-B}i3Kl02)£- STI (Shallow Trench 
Isolation) 4 1 ^S^Hr^ #^(HF 31 A)~g-tr ^ 

^ 7 j— 5. «KE.*ll 71^(101)^ JL^ofl ^ oj^- <+3?-^(efl* 1-^, 7}<3 *>3j- 

EV; £A]E]^ ^Tl^Cr. 
<33> ^S^, ^ fj-ft- 7>i# A>-g-^><^ 71^(101)^ # 

^-ofl Tfll ^s* #3^(103)4 *Hl ^Sf ^^-(103) ^11 ^5r^(104)-g- -^^Hl 

^fVcf. o]nfl ( ^± igJfc 7>^S. N 2 0 NO 7}if A]-g-^ ^ sa^, *fll ^Sr 

^>5(-5|(103)^r *Hl ^5r^-(104)ol ^sl^i *U ^4(104)4 tilH^l 71^(101)51 711 

<34> , NO 7}^M: °l-g-tr ^-^^ 750 vfl^l 950 "C^l ^r5>IH 5 vflxl lOslm^l N 2 ^f 

300 tfl^l 900sccm^l NO 7>^# ^S}^ 

<35> ol^ ; 0 2 7>il4 0 2 +H 2 ^ 7}if AV-g-*}^ ^1 ^5}- ^5j-^( 103 ) tfV^j 7 ] 

^•(101) A}ol^ *j) 2 ^>2)-el-(105)# ^^W. °]S.^, 71^(101)^1 ^-ofl^r ^12 

^SK V (105), *fll ^s\- ^^(103) ^ *fll ^>sl- ^-(104)ol ^^cf. °H 

Ai, tiK£*H 71^(101) -tf-M ^7} ^^"V-l; 7fl«J-Al7l^ SSell^H 5ffl^(106) 

< 36 > £ lb# ^-S^V^, f^oH B0E(Buffered Oxide Etchant) -g-^-i- °l-g-*H 

4i7> <3<*M tg^s} ^ i aVsKKHM), ^gj. A>sl.^-(i03) ^ ^12 ^ SI- ^"(105)* ^lTl 
tb^. °1S.^ ( 7-1 ^<y- ^7> <^^9] aVi^l 7^(101) S^^l 
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<37> S. lc» #2:*}^ , -2.^(0 3 +H 2 0)l- ^-g-^M 3fl€CE lb^ 106)* 

°}^, ^-fh A}-g-*H «V£*fl 71^(101)^ 7^ ^ ojo^ 

2 ^ ^-5l-si-(107)3l- ^12 ^5)- <+3Wl07) *\}3 ^3}- ^(108)* ^*Vt}- 

. °H, ^ ^-fr 7>4iS N 2 0 7fii| NO 7}if A>-g-^ ^ $1°.^, *fl2 ^Sj- ^S)-^ 
(107)^: *)13 (108)^1 ^13 ^^(108)31- *V£*fl 7l^-(101)^ Tfl^ofl 

^ o]^-Ol ^5]^ ^^^Cf. -g-AH, ^7} <g ^ ofl ^12 ^^"(105)4 

71^(101) A}oH *f| 3 ^S). A>5)-^( 109 )ol ^Alofl ^^^cf, ^7H1^, ^3 2]S}- 

^•^-^(109)^ 0.1 3%<>M, NO 7fit o]^-^V 750 vfl^l 950°C 

£| ^r£ofl^ 5 tfl*l lOslm^ N 2 Pl- 300 ^1 900sccm^ NO 7fif ^^-^ ^JW. 

<38> S. ld# , ^ JL*l<y- i7> ^ c^o) A>^Bl-(£ lc ol 

104)* ^sW^ *fll ^S)- ^sKK:£ lc^ 103)3]- #*|) olJjLo^ ^4 ^s). ^^-(no) 
* ^*KiL ( -^AHl cg^^l *113 ^sj-^CS lc^l 108)* *fl2 ^ 

^s^KS lc^l 107)3)- Qv)} ol=.ol^l ^15 ^ ^s|-*Klll)* ^Wtf. 
<39> ^HH, *fl4 ^Sl- *}^( 110)^1 &± ^S.^ 0.1 ^H*l 3%, *fl5 ^S|- 

(111)51 £± %-S.±r 10 ifl^l 15%7]- tW. tb^, ^Sl- ^3 #5}^ 

n> ^s)- ^ej ^ f-e^p} ^(Remote Plasma Nitridation; RPN) 

^3 #efsn> ^-^o] 7>^^JL HsM^ ^ SE^r ^i<4 He 7>^°> 

&i=k ^le^ RPN 100 700WS] W^*} 50mTorr lOOOmTorr^l 

180 500°CS1 ^tS^a-1 N2 ^ H e §^3. 20 5^- RPN ^g- 

21-10 



1020020066116 #^ 2003/5/22 

^«fl -n-^ -#*r7} 3 vfl^l 6.5*1 A]A ^sj- ^^(110) ^ *fl5 ^SJ- ^^(lllH 

£ le» ^S*}^, tiVS^ll 71^(101)^1 331 M^(112)-& 
4. °H, 1-^^(112)^8: #&l-^sle^S ^ $14. 

£ lf# TflolB nfiHl- °l-g-^ *14 ^^A5L ^E^-g; ^a^H ^ 

°0- 4i^> *ll5 ^5)- ^Vsj-^AS *fll Tlloje A>s)-^( m ) ^ ^olB 

(112)!- 3^ ?2S ^^^>Jl, JL^<y- ix} ^^Hfe- ^13 ^s}- ^>2l-el-(109)/^2 
(105)/^fl4 ^ ^^(llO)^-S. ^l^-^^l 42 4°}^- <+3Wll3) ^ 7llolH(112)» 3 

# f5S °H, *)U TflolB ^}-2}-^-( 111)^) ^*H7} 12 ^) 20A°1 S)£^, 
£ le^l^i *fl2 Is)- ^VsJ-eKS. le^l 107) ^ *fl3 ^s}-^-(£ le^l 108)^ ^f-*H» 

cf. S^r, xfl2 7flolH ^-^(m)^ ^7} 35 ifl*l 55A°1 $\^, 5L la vfl*l 5L le 

*fl3 ^s}- ^-^(JE le^l 109), 42 #^(5. le^l 105) ^ ^4 aJS*. ^s^CS 

le^l 110)^1 S^W. 

<W, 7fl*m(112)l- ol-g- °)~8rZ}^ ?^5L ^ <£X\ 

£ lg« ^S*}^, £;*fl *\*\ ^>S)-^-(115) ^ ^el^ ^^(Si 3 N 4 ; 116) 

* £^ ^ ^ ^<LS. ^Al^H 4 112)^1 ^Hi& tJ]T^ A> 
^(115) ^ e^u 151-^(116)1: #^(115) ^ ^B]^ 15KK116) 
—S- °]^^ 7 i9±A ^4 0 )*\(117m ^W4-. °H, tf|sl ^-sl-^-(115)^: LP-TEOS^l- 
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<44> o]^ ( 7flolH(112) ^ ^2)1^^(117)1- o|£r ^ d}a 3S oj-g-^^ J7^- 

S. °}-& ^-§r ^X|t5><*| ^£12]- iafloj 7^(117) <§Hf °1 tils^j 7l^r(101)^l Jl^S. 

01^^^(118)^: l^sll- ^Al*H «^#* t^^l?14. °13*| 

, ^1-8:^^^(114) ^ JH^S. 61^^^(118)^.3. ol^-^^l i^.^/=eflo](119) 

<45> oloH, tJMb(112) ^ ^^.i/=efl < ?l( 119)4 ^°ll*1 ^€ ^ 

£1 ^# *i*J-§- ^71 ifl*H 7fl°lH(112) ^ iS-i/S. 1*11*1(119)3 #Jf S^<H1 ^e] 
AM=#(120)-g- ^tH}. olnfl, ^e) A>ol c * (l20)-°r *>7l ^ 1 »<M-£-3. 

$X°-V], 2tBt °l-g-*M a"H ^^A>ol t=^C.S ^*Rf ^JS 7V^>Cf. . 

, 7lHH(112) ^ 4i^^/H.efl ol (119) a^^l z}<£ a>^-^ ^l7l^>5i 

3tB; 5] *1 &■§-) ^ ^fK<« #<H,TiN; 5L*]S\x] ^)# £ 
* 1*> 1*1^ ^£-5. 7llolH(112) ^ 41^.^/^^1^1(119)^ ^el€- 

B ^^-i- Sf^Kr H^^1^7> dt7> <3<*4 *1*1 <£*H zJ-Zj- ^ 
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. <49> ^fl, <^ti>^ol tflAlofl ^5)- ^VS)-^ <>l-g-SH 7)1°1B ^Aj^VjE. 

3. -fr^ ^7> 3 xfl^l 6.5 ^£3. ^7>SjcH #713*1 TflolB 7l^ # 

Sl-^Cf ^1.5«fl 0]A 0 V ^ 0] S OlSfl ^ #^A]Z] ^ <&t\. 

<50> ^ t J=^] 7 } ^ 7flo]E ^4l7> JL^-£(4 A\A 10%) S 

a*3^o.3. ^AjzrVji, ^7} all 2 711 °]B #2|-^gr ^4i7} ^^3E(3% °l*»iiL 

^ ^s^-i- aVS^^-4 71^ A>oH ^Aj^H f2S ^Aj^.o.s.-M), n ^ 

^ 511^ ^7>^ A]^ o. ^Aj-A^ ^ olt^. 
<51> Sf-V\] 7 \ ^7]°- TflolH $r£r TflolH 

AV5j.nl- ojTgo. oj^ l-eVSn> ;gs)-^0.5. ^A]ofl ^3M^ ^ ^£7> 10 ifl*l 25% ^ 
£S ^ A>3^-g- ^^6.^^, #£31 4i7H^ TflolB 

^ «tlit ^ 5£^ ( °ls «y^fl -f^r 1 °>^1 3^7} 7}^*H i 

7>^i ais)^^- - sat].. 

<52> -^7]- ^-^o_ ^jojH -a-^-^-i- ^ W ^ 

^-g"* ^-f , ^£7} ^7>^ ^ ^oj-o^ ^g-0]Aj O.^. AJ 
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^j^j-o) *M|* #^3L t±X\ o] ^ ^ O.S. ^ A>5j.^ o}o} a> 

cHM, I^^l^H ifl^# *fl7RV 

X> K t£6$\ ^J5L7}- ^ AJr^-^ol A>j^o} Als]^ o. ^^Al^^nV, £ 
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1] 

TflolB ^ <£ 7f^5] ^-71 *H*|| 7]*<*)) t$s$# ^SL^/ILt]}9±] 

-*7l ^> <3<*><^ >S-7l 711 °1B ^ ^ ^71 #3E*f| 71^ A>ol6fl ^SH, 

*fl2 ^SJ- ^ #5*^ 3* i^S ol = o]^l afl 2 711 olB 

i^Rr t^^S «KE*ll i7V^ B^^l^Ei . 

2] 

i 5a°H, 

A oM ^1 ^2)- ^VsJ-^-^l £± i§-^ 10 vfl^l 15%°d ^34- ^ AS ^ «h£*ll 
x>sl H^^l^Bi . 

31 

4 l *^1 
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#71 ^2 *m ^si- 0.1% ^^1 3%<y 

^-^^.5. s->^ «i£^i ^\^\ Hsa^i^Ei. 



4] 

*ll 1 ^Hl a1 c H ^"i , 

^■71 *fll 711 °1H -$51-^ ^l^r 12 20Ao]ji, #7l *fl2 TflolB ^Is)-^-^ ^ 

^Itt 35 i^^l 55A91 ^J-a- ^-^3 S}^ aV£*ll B^l^E] . 

5] 

7i#<3- i7f <3<*j-^ J7^«y- ^7} cgoto] tiV £ ^ 71 ^ho) ^ #j=Loll ^1 ^ 

gj. Aj-^ni- ^ # 7 j ^ ^ A>^tq- #j=L6|| ^1 a>3)-^ -g-AHl ^Va1?1^ cfTfl; 

#7l ^1 1 2)3} A>5}.nl- ^jjLofl ^12 ^*Kr ^T^l; 

^"71 Tl^oj- ^7} o§<*M # 7 ] ^1 #5^, #7} *fll ^5}- #2^ ^ #71 

*112 ^71^ #7fl; 

#71 7] ^7} <^<*M1 ^12 ^5}- #5^ ^ # 7 ] 7fl2 #5j-^ #^ofl ^3 

^^171^^, -S-71 JL^ ^7} cg^Sl #71 ^12 #2)-^- *}Jf ^ #71 
H Jr£^l 7^51 Tjl *fl3 ^SV^* f-*H Aj#Al7l^ ^Tfl; 

^Sj- ^e] ^0.3. #71 jT^oj- ^7> <^^S1 ^1 #5}-^ ^sM^ #71 Tfll ^ 
^ ^Sl-^-2)- Ois.ol^l *j| 4 ^2}. #5}-^-O.S. $^*Ml, #71 7-1 i7} # 
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A X|3 ^2}-^-^ ^sJ-a]^ ^7} X]2 W °1^<X^ X| 5 ^ AV^ni-o.^ 

€X1 Jf *fl • 3L5=^ Mf-S- 3^8 «Hr #X1; 

XI 3 ^Sj- #3^/#7l XI 2 <+^-^/^7l XI 4 ^5)- ^sl-sV^-S ^1^-<X^1 XI 2 XMH 

^71 TflolH^ ^ofl^ ^cgn}- i2 )lolA^ *§^*>oL, XI °] H #7l «V 

£X1 ^SLi/^Eflo]^- *g^*Rr ^Xl# IfSfe 3# ^^-S. *}^r aJiXl 

7>S] B€^]^^i XI 2: y o V ^. 

6] 

XI 5 %H1 9X°]*\, 

^7} XI 1 vflx] X13 ^3* ^rs}-^ N 2 0 7>i NO 7}^ a>-8-«H H^Sj-fe ?A 

# ^^.S <5>^ y>£Xl ^7}s] H^liEi XI 2 « 0 >^ . 

[^T 1 * 7] 

X] 6 %H1 &<X>H, 
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^7] NO 7>^# 750 tfl^l 950°C^ ^£^1^ 5 vfl*] lOslm^ N 2 ^- 

300 ifl*l 900sccm^ NO 7}i# W*>^^i ?l^^r 3}^- -IpS *}±= #5.%} £.7} 2] 

[^n 1 * 8] 

*fl 5 %H1 StM^l, 

^•71 Xl2 ^^-gr 0 2 7>i 3E^r 0 2 +H 2 ^ 7>i» A}~g-^ ^<5Kr ^ Jf-^ 
9] 

Xl 5 SH-H, 

^7} 4:X> <3<*ofl ^£ ^7} XI 1 #3^, ^"71 ^1 1 ^ ^n}- ^ #7l 

S-^O.^ i5}±r «VE.Xl ^7>^ E^j^ X]2: y o Vt ^. 

10] 

XI 5 ^Hl 

^7l ^2)- ^ l"^*} ^3* ^ ^SLS. ^^H, 100 vfl^l 

700W^ 1-21-^1- 50mTorr ifl*l lOOOmTorr^] <y-^4 180 vflx] 500°C^ £r-£<>lH 
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N 2 ^ He &$]3- 20 5-g- f^AS *V£*ll i*}^ H^l 



111 

^71 ^3 *J3* *fl4 ^ ^^S] ^± ^-£^r 0.1% vfl*] 3%<?1 

12] 

#7] ^15 ^5}- zj-h ^-51^ 10 vfl^l 15%*] ?A^r ^ ^ 
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